Abstract. The present study attempts to establish cell culture systems for the oyster, Crassostrea gigas Röding and the hard clam, Meretrix lusoria Thunberg. Treatment with collagenase was better than trypsin at dissociating mollusc tissue fragments for in vitro culture. Heart tissue of oyster and hard clam proved to be the most promising target tissue Key words: Cell culture, Clam, Mollusc, Oyster for the establishment of cell lines in vitro. Primary cultures of clam heart were established and successfully maintained for more than 5 months. Collagenase at a concentration of 100 µg/ml may enhance the growth of oyster and hard clam heart cell cultures in vitro.
Introduction
Since the initial success in culture of oyster heart and mantle tissue cells [19] , several systems for the cell culture of marine mollusc tissues have been developed. However, a review of the published papers (listed in Table 1) shows that no permanent cell line derived from any marine mollusc has been obtained. Bivalve molluscs are of considerable economic importance and thus diseases of three marine organisms have been studied extensively (see [11] for review). Unfortunately, due to the lack of established cell culture systems, the majority of studies on viral or rickettsial agents have been limited to light or electron microscopic observations. Therefore, there is an urgent need to establish systems for marine mollusc cell culture so that detailed studies on viral infection, and cell biology, of molluscs can be undertaken.
This report describes attempts to culture and characterize cells from various tissues of the Pacific oyster ( Crassostrea gigas Thunberg) and the hard clam (Meretrix lusoria Röding).
Materials and methods

Experimental animals
Pacific oysters (Crassostrea gigas) and hard clams (Meretrix lusoria) of approximately 50 and 30 g respectively were obtained from local markets for use in tissue culture experiments. Prior to all experiments, the animals were surface-sterilized using the methods described previously [8, 21] .
For oyster, tissues including heart, mantle, and digestive gland were removed under aseptic conditions as described previously [21] . The excised tissues (except mantle tissue) were then washed in double strength Leibovitz's L-15 medium (2 × L-15) containing 500 µg/ml streptomycin and 50 IU/ml penicillin (Sigma) with pH adjusted to 7.4 and osmolarity adjusted to 720 mmol/kg using a simple salt solution (containing 102.4 g/L NaCl, 1.8 g/L KCl, 5.1 g/L CaCl 2 , 11.8 g/L MgCl 2 , and 16.7 g/L MgSO 4 ). The mantle tissue was sterilized by wiping (3×) the surface with a 70% ethyl alcohol-saturated cotton swab. The sterilized tissues were placed in a 50-mL beaker and chopped into fine fragments using sterile scissors. Subsequently, the tissue fragments were either directly cultured in 2× L-15 growth medium at 28 °C or dissociated using either trypsin-EDTA or collagenase solution prior to culture. Trypsin-EDTA solution consisted of 1 g/L trypsin, 0.04g/L EDTA, 23 g/L NaCl, 0.6 g/L KCl, 2.3 g/L Na 2 HPO 4 and 0.3 g/L KH 2 PO 4 (in distilled water). The collagenase solution consisted of 0.1% (w/v) collagenase type IA dissolved in 2× L-15 medium.
Oyster embryo was also used for in vitro culture experiments. To obtain bacteria-free embryos, ova and sperm were extracted, and fertilization under the aseptic conditions was carried out as described previously [8] . Four hours after fertilization, embryos at gastrula stage were collected and washed with filter-sterilized seawater containing 500 µg/ml streptomycin, 500 IU/ml penicillin and 2.5 µg/mL amphotericin B (Sigma). Subsequently, embryonic cells were obtained by dissociating the embryo tissue using trypsin-EDTA solution or collagenase medium. The treated embryonic cells were adjusted to a cell density of approximately 2 × 10 6 cells/mL and cultured in 25-cm 2 flask (Nunc clone) as described previously.
For hard clam, tissues including heart, arterial bulb, mantle, foot, and ovary were removed by aseptic techniques. Subsequently, the excised tissues were cut into smaller fragments and cultured by using the techniques described above. The osmolarity of the growth medium and washing solution for hard clam was adjusted to 650 mmol/kg using the salt solution described above. Fragments derived from heart and foot tissue were further digested using trypsin or collagenase and placed into 25 cm 2 flasks at a cell density of approximately 2 × 10 6 cells/ml. When the cell monolayer was complete, subculture was performed as described previously [21] . Subsequently, the cell cultures were maintained by changing half of the old medium with new medium at 5-day intervals.
Growth media and supplements
Basal growth medium for oyster cell culture was 2× L-15, 10% fetal bovine serum (FBS, Commonwealth Serum Laboratories, Australia), 500 µg/ml streptomycin, and 500 IU/ml penicillin. To enhance cell proliferation, several substances including oyster body fluid, pituitary gland extract from rabbit, rat, cow, or common carp, extract from oyster embryo or gonad, oyster soft body fluid, insulin, fibroblast growth factor, epidermal growth factor, endothelial cell growth factor, and Nutridoma serial products (BM) were used alone or mixed as described in Table 2 . Osmolarity of the growth media was adjusted to 720 mmol/kg or 650 mmol/kg for oyster and hard clam, respectively. Growth medium containing pronase or collagenase to give a final concentration of 100 µg/ml was also tested for their ability to promote cell growth.
Results
Culture of oyster tissues
Twenty-four hours after initiating heart and mantle cell cultures (from explants), numerous hemocytes were observed surrounding the explant. Subsequently, cells of different morphological types (fibroblast-like cells, round cells, epithelial-like cells, or suspended cells) which had migrated from the explant were observed. In heart explant culture, macrophage-like hemocytes were the dominant cell type at early stages of culture (Figure 1) . Subsequently, smaller and condensed hyaline cells or epithelial-like cells and spindle-shaped fibroblast-like cells (Figure 2) were observed. Cell types observed in heart explant culture system varied according to the origin of the fragment. Some explants were surrounded by macrophage-like hemocytes and others by fibroblast-like cells. Moreover, macrophage-like hemocytes possessed a shorter life span when 
